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In previous Communications we reported on the acid base balance in normal third trimester pregnancy [5, 6] . It was shown to represent a state of maximally compensated "sustained respiratory alkalosis" with no evidence of metabolic acidosis [6] . The amniotic fluid (AF) was found to be hypoxic and acidic by adult extracellular fluid Standards [5] . The acid base balance in abnormal pregnancies have not been adequately investigated.
There have been few reports describing some acid base parameters in cord, or fetal blood in few patients with hypertensive disorders [12, 13, 18] or diabetes mellitus [19] . There are even fewer studies of these parameters prior to onset of labor [3, 14, 16, 21] . There are no studies in which both the respiratory and metabolic components of the acid base balance, in blood, äs well äs AF, were investigated simultaneously. The purpose of the present study was twofold. First, to determine if there are changes in the maternal acid base balance, in selected high risk pregnancies, that are superimposed on the changes of the normal pregnant state. Second, to determine the effects of intrauterine stress äs exemplified by placental insufficiency (pre-eclampsia and hypertension) or metabolic disturbances (diabetes mellitus) on the acid base Status of AF, which is thought to reflect that of the fetus [5] .
l Materials and methods
The subjects of this study were all third trimester pregnant women (30-42 weeks) who were to undergo amniocentesis.
Fifty nine healthy controls (C)
2. Fifteen preeclamptic patients (PE). Twelve patients developed hypertension, edema and/or proteinuria after the 30th week of gestation. In the other 3 patients, PE was superimposed on chronic hypertensive disease* Severe PE i.e. Bp > 160/100 mm Hg, was diagnosed in 3 patients.
3. Twenty six patients with chronic hypertension (H). These included patients with knowncKronic hypertensive disease antedating the pregnancy, and those in whom hypertension i.e. Bp > 140/ 90 mm Hg became manifest prior to the 20 th gestational week. In 8 patients, the hypertension was severe i.e. Bp > 160/100 mm Hg.
4. Nineteen patients with associated Diabetes mellitus (D). These included 16 class A, and 3 Class B patients.
Informed consent was obtained. Amniocentesis and percutaneous radial artery puncture were performed almost simultaneously while the 0300-5577/79/0007-0202302.00 © by Walter de Gruyter & Co. -Berlin · New York patients were still supine. The samples (both arterial blood and AF) were collected anaerobically into 20 ml glass syringes (heparinized for blood collection). Meconium or bloodstained AF samples were discarded. Aliquots of blood and AF were added to chilled sodium fluoride containing tubes. The syringes were immediately sealed and immersed in ice. All samples were transferred immediately to the laboratory. Blood and AF gas analyses were performed with a Radiometer BMS-3-MK-2 blood micro-system. The oxygen and carbon dioxide tensions and pH were measured directly with special precautions for AF (titration at low oxygen tensions). Bicarbonate (Bicarb), of both blood and AF, and blood base pxcess (BE) were derived from SIGGARD-ANDERSEN alignment nomogram [21] . Meas--ured volumes of blood and AF from the fluoride tubes were added, within minutes, to chilled trichloracetic acid and the protein free filtrate used for lactic (L) and pyruvic (P) acid determinations using an enzymatic method (lactic dehydrogenase).* All laboratory determinations were performed in duplicate. Packaged Computer programs were used to perform the statistical analyses of the data. These included: STUDENT t-test, PEARSON'S correlation, TUKEY'S multiple comparisons, multiple regression, and multiple partial F test [11, 15] . 
Results
The pertinent clinical data of the patients studied are summarized and compared in Tab. I.
The results of the determinations of the various constituents studied in the arterial blood (Bl) and AF in the 4 groups are given and compared in Tabs. II and III respectively. It can be seen that the pH, p0 2 , and Bicarb are lower; whereas pC02, L, and P are much higher in the AF than in the blood both in normal and pathologic pregnancies. TUKEY'S multiple comparisons test was applied to these data. There were no statistically significant differences (at the 5% level) between the different groups in relation to either the maternal blood or AF constituents studied except, the higher AFp0 2 in chronic hypertensive patients (Tabs. II and III).
The test was then repeated limiting the statistical analysis to the data from the patients with more severe disease i.e. severe PE (3 patients), Severe hypertension (8 patients), and class B diabetes (3 patients) in comparison with the controls. The only additional statistically significant difference found was the lower blood pH in severe PE (7.34 ± 0.06) äs compared to the controls (7.42 ± 0.03).
To study factors influencing AF-pH, multiple regression was calculated using AF-pH äs the dependent variable and AF-Bicarbonate, AF-pC0 2 and Bl-pH äs the independent variables. The equation describing this relation in normal preg- In the other 3 groups, the equations were insignificantly different from that of the normal group, äs determined by the multiple partial F test [13] .
We have previously constructed significance bands that show the anticipated response (with 95% confidence) of Bl-pH (H + ) and plasma bicarbönate to varyinglevels of paC0 2 in normal pregnancy [6] . The Bl-pH (H + ), plasma bicarbönate, and paC0 2 values of patients with pathologic pregnancies were plotted on these bands (Figs. l and 2 ). In Fig. l all pH values were within the band except those of two patients with severe PE, which were above the band. These represent superimposed acidosis on the acid base Status of normal preghancy. Fig. 2 shows that values from all but 2 patients; a pre-eclamptic and a chronically hypertensive, were within the band. In these two instances Bicarbonate levels were higher than anticipated. ges in the maternal blood acid base parameters during normal pregnancy are consistent with a state of "maximally compensated sustained respiratory alkalosis", s detailed elsewhere [6] .
In the present study, the same parameters were not found to be significantly different in the pathologic pregnancies investigated (Tab. II), in agreement with previous studies involving 8 preeclamptic and 2 diabetic patients [3, 14] , However, we found that in severe PE the Bl-pH was significantly lower than in normal pregnancy (7.34 ± 0.06 vs 7.42 ± 0.03). In addition, the Bl-pH of 2 out of 3 patients with severe PE were above the significance band of normal pregnancy (Fig. 1) . These findings suggest the existence of a complicating i.e. mixed metabolic acidosis in severe PE. This concurs with a recent report in which it was found that the base deficit was increased in "severe" but not "moderate" PE s compared to normal pregnancy [17] . Blood lactate levels were reported to increase in PE [9] . HANDLER [9] proposed that impaired placental blood flow in severe PE causes the fetus to be more dependent on anaerobic metabolism and to produce more lactate. Also, placental lactate production was reported to be augmented in severe PE [8] . However, we did not find evidence of hyperlactatemia in PE either in the present, or a previous study [4] . An alternative mechanism maybe the cause of the metabolic acidosis. In pregnancy, s H* concentration decreases s a result of hyperventilation and consequent hypocapnia, fewer H + ions become available for active secretion by the renal proximal tubular cells and less HC0 3 " is reabsorbed or reclaimed to the plasma [2] . This is one of the significant mechanisms whereby the respiratory alkalosis is compensated. We propose that in severe PE, the specific renal lesion [7] interfers in some way with the renal compensatory mechanism. This postulate needs to be further investigated. The AF-ρΗ was lower than Bl-pH both in the normal and abnormal pregnancies studied. This is attributed to a lower buffering capacity (decreased bicarbonate, and low protein concentration), s well s, a higher concentration of fixed acids; particularly lactic acid, and pCOs, s compared to the maternal blood. The equation describing the relation of AF-ρΗ to the other variables indicate that it is influenced by maternal Bl-pH both in normal [5] and abnormal pregnancies. There have been very few studies of the acid base balance of AF in abnormal pregnancies. In one study, a group of 12 patients with severe "toxemia", diabetes, Rh sensitization, and post-datism had lower AF-ρΗ and AF-Bicarb and a slightly higher AF-pC0 2 s compared to controls [16] . In a more recent study, AF-pC0 2 was reported to be normal in 13 patients with hypertensive disorders, and 10 with diabetes [1], in agreement with our findings of normal AF-Bicarb in these groups of patients. In contrast with a previous report of slightly higher AF-L in PE [21] , in the present study AF-L was insignificantly lower in PE than in other groups. The only statistically significant difference between the AF acid base parameters studied was the higher AF-p0 2 in pregnant patients with chronic hypertension (Tab. III). One may postulate that in such pregnancies, a compensatory increase in fetal cardiac Output occurs that results in an increased cutaneous blood flow and an increased transport of oxygen from fetal blood to AF.
The absence of other sigriificant changes in the AF acid base parameters suggest that fetal acid base homeostasis is maintained in the studied pathologic conditiöns. Otherwise the changes must be so subtle that they were not demonstrable within the limits of this type of study. Differences may become apparent when fhe fetus is exposed to the added Stresses of labor [12, 13, 18] . Further studies of AF-L, AF-pC0 2 , and AF-p0 2 and the corresponding fetal blood levels during labor and/or at delivery in both normal and abnormal pregnancies are needed.
Summary
This study was designed to determine if there are \ changes in the maternal acid base balance in selected high risk pregnancies that are superimposed on the changes of the normal pregnant state and to determine the effects of intrauterine stress in these abnormal pregnancies on the acid base Status of the amniotic fluid (AF). AF and arterial blood (Bl) were obtained almost simultaneously from third trimester pregnant women; 59 healthy controls, 15 pre-eclamptics (PE), 26 with chronic hypertensive disease (H), and 19 with diabetes mellitus (D). Of these, there were 3 patients with severe PE, 8 patients with severe H, and 3 with class B diabetes. All samples were obtained anaerobically. Oxygen and carbon dioxide tensions (p0 2 and pCO 2 ), and pH were measured directly using a Radiometer BMS-3-MK-2. Bicarbonate (HCO 3~) , and base excess (BE) were derived from SIGGARD ANDERSEN alignment nomogram. Lactic (L) and pyruvic (P) acids were measured using a enzymatic method (lactic dehydrogenase). The pH, pO 2 , HCO 3~ were lower, whereas, pCO 2 , L, P, were much higher in the AF than in Bl in all groups (Tabs. II and III). Using TUKEY's multiple comparisons test, statistically significant differences between the groups were limited to a higher AF-pO2 in patients with chronic hypertensive disease and to a lower Bl-pH in patients with severe PE. Multiple regression analysis was applied to AF-pH. It was found that it is influenced by maternal Bl-pH both in normal and pathologic pregnancies. The arterial blood pH, HCOa" and paCO 2 values from the patients in the different groups were plotted on significance bands that show with 95% confidence, the anticipated response of pH, and HCO^ to varying levels of paCO 2 in normal pregnancy. In 2 out of 3 patients with severe PE the pH was above the band suggesting the superimposition of metabolic acidosis (Fig. 1) . This is supported by our finding of a significantly lower BlpH in severe PE. The metabolic acidosis did not seem to be related to increased arterial lactate levels in these patients. It may possibly be related to derangement of the renal mechanism for maintaining acid base homeostasis, caused by the specific renal lesions of PE. The increased AF-pO 2 in chronically hypertensive patients is postulated to be due to compensatory increase in fetal cardiac Output, and secondarily cutaneous blood flow, with consequent increased transport of O 2 from fetal blood to AF. Although there were no other significant changes in AF acid base parameters in the studied abnormal pregnancies, such differences may become apparent when the fetus is exposed to the added stress of labor.
Keywords: Acid Base equilibrium, amniotic fluid, bicarbonate, carbon dioxide, hypertension, lactate, metabolic acidosis, oxygen, pre-eclampsia, pregnancy in diabetes. 9 Recourant au test des compaxaisons multiples de TUKEY, les differences statistiquement significatives entre les groupes se sont limitees ä un PO 2 du liquide amniotique plus eleve chez les parturientes avec hypertension chronique et a un pH sanguin plus bas chez les parturientes avec pre-eclampsie grave. Une anaiyse de regression multiple a ete appliquee au pH du liquide amniotique. On a constate qu'il est influence par le pH sanguin aussi bien dans les grossesses normales que pathologiques. Les valeurs de pH, HCO 3~ et paC0 2 du sang arteriel chez les parturientes des differents groupes ont ete relevees sur des bandes significatives avec un degre de precision de 95% et qui ülustrent la reaction anticipee de pH et de HCO 3~ aux degres variables du paCO 2 dans les grossesses normales. Chez deux des trois parturientes avec une PE grave, le pH etait au-dessus de la bände suggerant la superposition d'acidose metabolique (Fig. 1) . Ce resultat se trouve confirme par notre observation d'un pH sanguin significativement plus bas en cas de PE grave. L'acidose metabolique n'a pas paru etre en correlation avec des degres accrus de sei lactique arteriel chez ces parturientes. II est possible qu'elle depende du dereglement du mecanisme renal pour une homeostase acido-basique persistante, causee par les lesions renales specifiques de la PE. La hausse de pO 2 du liquide amniotique chez les parturientes avec hypertension chronique est -selon les observationsdue a Taugmentation compensatrice du debit cardiaque foetal et, secondairement, au flux sanguin cutane avec le passage consecutivement accru de O 2 du sang foetal au liquide amniotique.
